Malathion, radioactivity, metabolism, fungi, pesticides Malathion (0,0-dimethyl S-(l,2-bis-carbethoxy)ethyl phosphorodithioate), is widely used for the control of pests on vegetables and field crops, fruits, stored grains and domestic animals The popular usage of Malathion is based on its low toxicity to mamals 2 > 3 and fast disappearance rate in metabolically active tissues [4][5][6] . Its degradation in insects 7 ' 8 , animals 9 and plants 3 have been the subject of many investigations. Not much has been reported about its metabolism by microorganisms. Working with Trichoderma viride 10 , it was suggested that Malathion was apparently degraded via two routes that did not include the oxidation product Malaoxon.
Malathion (0,0-dimethyl S-(l,2-bis-carbethoxy)ethyl phosphorodithioate), is widely used for the control of pests on vegetables and field crops, fruits, stored grains and domestic animals The popular usage of Malathion is based on its low toxicity to mamals 2 > 3 and fast disappearance rate in metabolically active tissues [4] [5] [6] . Its degradation in insects 7 ' 8 , animals 9 and plants 3 have been the subject of many investigations. Not much has been reported about its metabolism by microorganisms. Working with Trichoderma viride 10 , it was suggested that Malathion was apparently degraded via two routes that did not include the oxidation product Malaoxon.
The objective of the present investigation was to study the degradation of 32 P-labelled Malathion by Aspergillus niger, Penicillium notatum and Rhizoctonia solani and to identify its metabolic products in the culture medium.
Materials and Methods
Radioactive Malathion was prepared in the laboratory n , and the compound was proved to be chromatographically pure with a specific activity amounting to 25 /zCi/mg.
To sterilized Erlenmyer flasks containing 100 ml Dox's medium (pH 5.0), 3 mg of labelled insecticide were added. Seven days-old culture of Aspergillus niger, Penicillium notatum and Rhizoctonia solani were used for inoculation and incubation was maintained at 25 °C for 10 days. The developed mats were then filtered and thoroughly washed with distilled water. The washings were combined with the medium which was then subjected to extraction 5 times with chloroform. The combined chloroform extracts and aqueous fractions were concentrated and samples were taken for counting. The mycelial mats were homogenized and then extracted with chloroform and both fractions were counted. For metabolic analysis, samples from all fractions were chromatographed using Whatman No. 1 papers. The ascending technique was adopted and two solvent systems were used n .
A-Acetonitrile : water : ammonia (85 : 14 : 1). B-Isopropanol : water : ammonia (75 : 1 : 24).
The chromatograms were assayed radiometrically using a radioscanner, Different spots were made visible by spraying with Hanes-Isherwood reagent 12 . Phosphorothioate compounds were located by spraying with 2% cupric chloride solution followed by 0.5% potassium ferricyanide solution where red-brown spots on a yellow-green background were obtained 13 .
Results and Discussion Table I presents the percentage recovery of 32 P-activity in different fractions after incubation of the three fungi with labelled Malathion. Of the three fungal spe- cies used, Penicillium notatum showed the highest activity, metabolizing 76% of the applied amount of the insecticide into hydrolytic metabolites. Its chloroform fraction, amounted only to 7%, contained mainly unchanged Malathion with traces of Malaoxon. Analysis of the mycelium showed traces of radioactivity of nonsignificant values. After 10-days incubation, about 25% of the initial activity was recovered in the chloroform extract of the culture medium of Aspergillus niger. The major part of this amount (19%) was identified as residual Malathion, while the rest (6%) was found to be Malaoxon. Radiomeasurements of the aqueous fraction revealed that about 59% of the applied dose was degraded into water soluble compounds. In the mycelium extracts 10% were detected, of which 3% went into the chloroform fraction as unchanged Malathion.
Rhizoctonai solani was completely inhibited by the dose used. After reducing the amount to 2 mg/100 ml medium, a very poor culture developed after 10 days. Under the latter condition, 77% of the applied Malathion was recovered in the chloroform fraction, of which 7% were identified as Malaoxon. A negligible amount (3%) could be detected in the aqueous fraction.
Chromatographic analysis of the hydrolytic products revealed the presence of at least 5 metabolites in addition to thiophosphates and/or monomethyl phosphate which were detected on the base line. The identified water soluble metabolites are shown in Table II , from which it can be seen that Penicillium notatum and Aspergillus niger are very active in degrading Malathion through carboxylesteratic hydrolysis as well as by desmethylation process. The carboxylic acid derivatives found in the medium of Aspergillus niger represent almost 1/3 of the total metabolites output, suggesting 
